H ydrogen cyanamide (cyanamide) has been used as a dormancy-breaking and bloomhastening agent of deciduous fruit trees for many years (Carreno et al., 1999; Diaz et al., 1987; Dozier et al., 1990; Subhadrabandhu, 1995) . Induction of uniform and earlier budbreak with cyanamide is reported to improve management and production of several deciduous crops in several tropical and subtropical areas worldwide (Aksoy et al., 1995; Buitrago et al., 1992; Carreno et al., 1999; Dozier et al., 1990; George and Nissen, 1993; Inglese et al., 1998; Jackson and Bepete, 1995; Lloyd and Firth, 1993; Or et al., 1999; Pontikis, 1989; Schuck and Petri, 1995; Snir and Erez, 1988; Tanino et al., 1989; Wood, 1993) . In some regions, cyanamide use is a component of routine commercial production for several crops [e.g., apple (Malus · domestica), blueberry (Vaccinium corymbosum and hybrids), grape (Vitis vinifera), kiwifruit (Actinidia deliciosa), and peach (Prunus persica)].
Individual citrus trees in south Florida sometimes bloom for more than 1 month (E. Stover, unpublished data). Even greater bloom duration occurs within most orchard blocks because of variation in bloom timing between trees. Such prolonged bloom contributes to variable fruit maturity and increases severity of floral fungal diseases. PFD is a serious floral fungal disease caused by C. acutatum. This pathogen is stimulated to grow and produce spores by flower exudates; therefore, off-season or prolonged bloom period provides greater opportunity for inoculum development and makes disease control more difficult (Dewdney and Graham, 2016) . PFD results in young fruit abscission and sometimes causes severe yield losses (Peres et al., 2002) . Epidemic huanglongbing [HLB (associated with the bacterium Candidatus Liberibacter asiaticus)] in Florida causes the trees to be under chronic stress and results in multiple bloom periods and off-season bloom throughout the year (Dewdney and Graham, 2016) , which exacerbates severity of PFD. Ability to shorten bloom duration and hasten bloom appears to offer several advantages to Florida citrus producers.
Cyanamide is primarily used on dormant deciduous species, and considerable leaf drop can result in citrus even when cyanamide drifts from adjacent vineyards (Ali and Lovatt, 2001) . There is one report that cyanamide advances budbreak in mango [Mangifera indica (Notodimedjo, 1995) ], which like citrus, is an evergreen subtropical fruit species. The objectives of this study were to assess phytotoxicity at a range of cyanamide concentrations and determine the potential benefit of using cyanamide to hasten flowering and reduce bloom duration of citrus in south Florida. This work was discontinued due to a change in program direction, but may now have current relevance due to problems associated with HLB and PFD. We find no published data on cyanamide in citrus and therefore submit this information as preliminary data. Scores of 5, 4, 3, 2, 1, and 0 refer to 100%, 80%, 60%, 30%, l5%, and <5% of total leaves that displayed necrosis or abscised from plants. SCREENHOUSE EXPERIMENT. This experiment was conducted in a screenhouse in Ft. Pierce, FL. To determine an appropriate dosage of cyanamide for citrus and to get initial data on effects on shoot flushing, cyanamide was applied 23 Dec. 1999, at concentrations of 0.125%, 0.25%, 0.5%, and 1.0% a.i. to 2-yearold potted plants of six different citrus types readily available as seed: alemow, 'Duncan' grapefruit, sour orange, 'Smooth Flat Seville' sour orange hybrid, 'Swingle' citrumelo, and 'Sun Chu Sha' mandarin. Most of these citrus types are not grown as scions except to produce seeds for rootstocks, but collectively these citrus types represent a broad crosssection of diversity from cultivated citrus. Off-type seedlings were not used. Cyanamide solution was applied to runoff using a backpack sprayer (Solo Inc., Newport News, VA). Three plants were used per cyanamide concentration for each citrus type. Shoot dieback, leaf necrosis, defoliation, and budbreak were surveyed 5, 10, 20, 30, and 40 d after the application. Leaf necrosis was scored as 5, 4, 3, 2, 1, or 0 referring to 100%, 80%, 60%, 30%, l5%, or <5%, respectively, of total leaves that showed symptoms. The rates of defoliation and dieback of stems were recorded as the percentage of the total number of stems per plant that were affected. At 30 and 40 d after application, the percentage of terminals flushing and length of new flush were recorded, as percentage of main branches flushing at 30 d and percentage of individual shoots at 40 d.
FIELD EXPERIMENT. All citrus types tested in the screenhouse, except alemow, have pedigrees derived solely from C. reticulata and Citrus maxima, like the sweet orange. Therefore, we felt it was reasonable to use these screenhouse data for guidance in conducting field experiments on sweet orange. Cyanamide concentrations of 0%, 0.025%, 0.05%, and 0.10% were applied via airblast sprayer (Pak-Tank; Rears Manufacturing Co., Coburg, OR) at 125 gal/acre to mature trees of 'Navel' sweet orange on 'Carrizo' citrange The length of new flushes was surveyed on day 40 after the applications; 1 cm = 0.3937 inch.
• December 2016 26(6) (C. Data were analyzed using the GLM procedure of SAS (version 9.4; SAS Institute, Cary, NC). For each data set, analyses included mean separations by least significant difference (LSD) and Duncan's multiple range test as well as contrast analyses to assess linearity of responses to cyanamide concentration. In the screenhouse experiments both main effects and interactions were assessed. Contrast analyses were also conducted on field experiments to compare groups of treatments to controls. For simplicity of presentation in large tables for these preliminary experiments, the screenhouse experiment data are presented using LSD for mean separations, and most interpretations are not different from those made looking only at interactions. Significance is indicated at P < 0.05 unless otherwise indicated.
Results and discussion

E F F E C T S O F H Y D R O G E N CYANAMIDE ON FOLIAGE.
Application of cyanamide to potted trees caused significant phytotoxic responses in all tested citrus types at concentrations as low as 0.25% (Table 1) . Interactions were significant between main effect of citrus type and cyanamide concentration for almost every variable assessed, and across all citrus types (and most individual citrus types) phytotoxicity was significantly linearly related to cyanamide concentration. Types of citrus varied in their susceptibility to cyanamide damage, with a significant citrus type by cyanamide rate interaction showing especially great sensitivity in alemow. Cyanamide at 1%, a typical rate for application to many crops such as almond (Prunus dulcis), apple, fig (Ficus carica) , grapevine, peach, persimmon (Diospyrus kaki), and blueberry (Shulman et al., 1986; Williamson et al., 2002) , caused essentially 100% leaf burn and defoliation, and stem dieback on 56% to 100% of plants on all types of citrus tested by 20 d after application. Cyanamide at 0.125% produced rapid (within 5 d) and extensive leaf injury on alemow, but more modest but significant damage occurred by 20 d after application on all other types of citrus except 'Sun Chu Sha' mandarin and 'Smooth Flat Seville' sour orange. However, only alemow and 'Duncan' grapefruit displayed significant defoliation and only alemow displayed significant stem dieback at 0.125% cyanamide.
Field experiment results (Table  2) showed that applications of cyanamide at concentrations ranging from 0.025% to 0.1% caused acceptable defoliation of trees of 'Navel' sweet orange (13.75% to 30% of canopy) and 'Valencia' sweet orange (22.5% to 53.7% of canopy) compared with the nontreated controls. However, the defoliation rates caused by 0.1% in the field test were similar to (in 'Duncan' grapefruit which has sweet orange as a parent) or higher than that caused by 0.125% cyanamide in the screenhouse test for most types of citrus. Fig. 1 . Effect of hydrogen cyanamide applications on the spring flush development of (A) 'Navel' and (B) 'Valencia' sweet orange. No effects were significant at P < 0.05 by Duncan's multiple range test.
E F F E C T O F H Y D R O G E N CYANAMIDE ON INITIATION AND GROWTH OF NEW FLUSH OF CITRUS.
The results from the screenhouse test (Table 3) showed that applications of cyanamide at concentrations ranging from 0.125% to 0.5% to the plants of six citrus types tested under the screenhouse conditions promoted the initiation and growth of new flushes in most citrus type by cyanamide concentrations, with 13.3% to 37% of branches showing flushing at 0.125% cyanamide. Interactions were significant between main effect of citrus type and cyanamide concentration for flushing, and across all citrus types (and most individual citrus types) flushing was not significantly linearly related to cyanamide concentration, in part due to severe phytotoxicity at higher concentrations. However, the results (Fig. 1) from the field experiment showed that the applications of cyanamide at concentrations ranging from 0.0125% to 0.1%, applied during 27 Jan. through 28 Feb. 2000, had no significant effect on the initiation and growth of new flushes of 'Valencia' and 'Navel' sweet orange.
The results (Table 2) showed inconsistent effect of cyanamide applications on total number of flowers. For applications on 27 Jan., 'Navel' sweet orange showed a significant linear effect of cyanamide concentration on reducing flower numbers. Only the 0.1% cyanamide rate (applied only on 27 Jan.) consistently reduced number of total flowers, which was significantly lower than 0.05% Fig. 2 . Effect of hydrogen cyanamide applications on bloom of (A) 'Navel' and (B) 'Valencia' sweet orange. Open flowers per tree were counted in the same quadrant of each tree at each date and multiplied by four to estimate flowers per tree. Means at each date followed by the same letter were not significantly different at P < 0.05 by Duncan's multiple range test. Within a column for each cultivar, means followed by the same letter are not significantly different at P < 0.05 by Duncan's multiple range test.
• December 2016 26 (6) cyanamide applied 15 Feb. in 'Valencia' sweet orange and was significantly lower than the nontreated control and 0.025% cyanamide 27 Jan. in 'Navel' sweet orange. Duration of bloom and time of peak bloom of cyanamide-treated 'Valencia' sweet orange and 'Navel' sweet orange was not different from that of nontreated controls (Fig. 2) .
The results (Table 4) showed that there were no significant differences in fruit set, fruit size, and yield of 'Valencia' and 'Navel' sweet orange between the trees treated with cyanamide and the nontreated control trees. We must note that variability between trees was high and compromised ability to distinguish treatment effects. 'Valencia' sweet orange trees treated with cyanamide at 0.05% on Feb. 28 had significantly lower yield than trees receiving several other cyanamide treatments, but was not different from the controls. The large differences required to reach statistical significance underscore the need for more replicates and more uniform trees.
PRELIMINARY CONCLUSIONS. Hydrogen cyanamide at 0.125% provided hastened flushing in five types of potted citrus trees treated on 23 Dec. 1999. At this concentration, acceptable levels of defoliation and other phytotoxicity were observed in most citrus types. Mature trees of 'Valencia' and 'Navel' sweet orange treated in late-Jan. to mid-Feb. 2000 showed somewhat excessive defoliation at 0.1% hydrogen cyanamide in 'Valencia' sweet orange and 0.05% provided 12.5% to 33.2% defoliation across both sweet orange cultivars. No acceleration of bloom or flush was observed, and we hypothesize that a late December application may hasten flushing and bloom.
FUTURE DIRECTIONS. These experiments were conducted before HLB become endemic in Florida. HLB-affected trees suffer from callose plugged phloem, loss of root system, altered mineral nutrition, phytohormone imbalance, and disruption of carbohydrate translocation that leads to arrested plant and fruit growth, and decline in production (Bov e, 2006; Halbert and Manjunath, 2004; Rosales and Burns, 2011) . We hypothesize that cyanamideenhanced flushing in the fall may result in reduced phloem plugging in HLB-affected citrus. This is founded on possible common physiology between metabolism/degradation of callose plugs as plants are forced out of dormancy (Rinne et al., 2011) and the callose plugging of phloem in HLB-affected citrus (Achor et al., 2010) . Experiments have been initiated to test cyanamide and several other materials for this purpose.
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